Abstract-A formal three-point student outcomes assessment process has been implemented in the Mechanical Engineering (ME) department at Rochester Institute of Technology. The process was established in academic year 2012. The ME program defined highlevel performance indicators associated with each of the eleven ABET student outcomes (a)-(k). Required ME courses were mapped to performance criteria by 1 of 4 instructional strategy levels, where 1 represents the lowest level of rigor and 4 represent the highest level of rigor. Achievement of student outcomes is carried out by summing student performance first across all courses contributing to a given PI, then by all PIs contributing to a given outcome. Performance is gauged against an achievement benchmark as well as a saturation benchmark, the latter is meant to indicate the potential need to increase rigor in a given area. The student outcomes assessment process involves not only evaluating student performance, but also evaluating the appropriateness of the program level instructional strategy to prepare students to meet the outcome and the data sources as an appropriate measure of outcome achievement. Abstract-A formal three-point student outcomes assessment process has been implemented in the Mechanical Engineering (ME) department at Rochester Institute of Technology. The process was established in academic year 2012. The ME program defined highlevel performance indicators associated with each of the eleven ABET student outcomes (a)-(k). Required ME courses were mapped to performance criteria by 1 of 4 instructional strategy levels, where 1 represents the lowest level of rigor and 4 represent the highest level of rigor. Achievement of student outcomes is carried out by summing student performance first across all courses contributing to a given PI, then by all PIs contributing to a given outcome. Performance is gauged against an achievement benchmark as well as a saturation benchmark, the latter is meant to indicate the potential need to increase rigor in a given area. The student outcomes assessment process involves not only evaluating student performance, but also evaluating the appropriateness of the program level instructional strategy to prepare students to meet the outcome and the data sources as an appropriate measure of outcome achievement.
I. INTRODUCTION
Programs seeking accreditation through the Engineering Accreditation Commission (EAC) of the Accreditation Board for Engineering and Technology (ABET) must "demonstrate that they satisfy all of the following General Criteria for Baccalaureate Level Programs" [1] .
Students 2. Program Educational Objectives 3. Student Outcomes 4. Continuous Improvement

Curriculum 6. Faculty 7. Facilities 8. Institutional Support
This paper focuses on ABET Criterion 4 -Continuous Improvement, which states:
The program must regularly use appropriate, documented processes for assessing and evaluating the extent to the student outcomes are being attained. The results of these evaluations must be systematically utilized as input for the continuous improvement of the program.
Other available information may also be used to assist in the continuous improvement of the program (ABET, 2014).
Assessment of student outcomes in higher education involves both direct and indirect measures of achievement [2] . Direct assessment is the evaluation of student work or performance, for example, exams, reports, presentations [3] [ [4] [5] [6] [7] . Because professional skills are often difficult to assess by course-based measures alone [8] , employer-based direct assessment methods have also been used [9, 10] . Indirect assessment is the evaluation of data that would imply achievement without directly observing the student or students work product, for example, student self-assessment, employer focus groups, or retention, graduation and placement rates. Course-based direct assessment is the gold standard on how to directly measure performance [11] .
Both direct and indirect assessment requires a significant effort on the part of faculty, and it is often difficult to leverage the data in order to test the impact of curricular innovations over time. This is true at the program level as well as at the course level. In a previous article, the ME program at RIT described a process by which curricular work groups were engaged in course-based direct assessment [12] and how the process was utilized to achieve consistency among courses taught by different instructors. That effort was successful in developing a documented process and this process was utilized at the course level to tack improvements over time at the course level. In the present article, we describe a process that was developed to track improvements at the program level.
II. STUDENT OUTCOMES
Student Outcomes (SOs) describe what students are expected to know and be able to do by the time of graduation (skills, knowledge, and behaviours). The ME program has adopted ABET (a) through (k) for their student outcomes as listed in Table I . 
III. STUDENT PERFORMANCE INDICATORS
Each Student Outcome (SO) is associated with two or more performance indicators (PI's) describing the characteristics, skills, knowledge, attitudes, and/or values that students exhibit to demonstrate achievement of the SO. PI's are a means for faculty to articulate the program-specific interpretation of each ABET outcome relative to the ME program at RIT, and are not additional criteria that students must meet.
Achievement of SO's is accomplished by successful demonstration of at least one performance indicator. The list of PIs presented in Table II was informed by learning activities and course learning outcomes of individual courses in the ME program at RIT. It is anticipated that PI's may change over time as part of the continuous improvement process. The assessment system is designed to incorporate changes in PIs without diminishing our ability for longitudinal assessment of SO achievement. 
IV. INSTRUCTIONAL STRATEGY
Instructional strategy describes the curricular content used to provide every student the opportunity to achieve the SOs. A holistic view of the ME program's instructional strategy is shown in Fig. 1 . The ME program devised instructional levels as an innovative means to identify the type of instruction that is occurring in each course and its relative contribution to the SO. Specifically, Level 1 courses are expected to introduce a particular topic or skill as a prelude to a more in-depth treatment in a downstream course, but not necessarily provide sufficient depth for students to apply the knowledge. Level 2 courses are expected to provide foundation knowledge that will translate to long-term retention of key concepts. Level 3 courses are expected to provide students with the opportunity to realize long-term retention of specific outcomes. Level 4 courses are expected to provide students with a high-level experience of enhancing knowledge related to a specific outcome. Each level has a unique symbolic notation, starting with a quarter circle for Level 1 and ending with a full circle for Level 4.
The symbolic mapping shown in Table III provides a visual indicator for how each course contributes to each SO. These graphic symbols facilitate continuous improvement by illustrating opportunities where material and activities can be introduced earlier or reinforced later in the curriculum. The system makes clear where pre-requisite exposure of an outcome is relied upon in downstream courses. Furthermore, if the faculty have identified a particular course to address an outcome, the course could begin to address the outcome at level 1 and progress to level 2 as time and resources allow. A border around the symbol indicates that an assessment of PIs is collected and reported upon for this SO in this course. 
V. DATA SOURCES
Data sources provide methods to gather evidence that SOs are achieved. Table IV lists the data sources used by the ME program to quantitatively assess achievement of SOs, assessed by both direct and indirect methods. Direct methods include assessment of student course work from the faculty perspective and performance on the job from the co-op employer's perspective. Indirect methods include an assessment of student co-op performance and overall preparation at the time of graduation, both from the student's perspective. Each of the eleven ME SOs is evaluated by at least one of these data sources. Each data source measures student achievement on a scale from to 1 to 5, where 1 is poor, 3 is average and 5 is exemplary, using either a Direct Evaluation Rubric or an Indirect Evaluation rubric.
Specific details on the data sources, including types of student work and related courses, and co-op evaluation questions and data, are documented and stored in a shared version controlled repository, to which all faculty contribute and have access. In addition, the ME department maintains course binders and outcome binders that include examples of student work in support of each SO.
A. Rubric for Direct Assessment
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Student work is assessed for each individual student, or student team and assigned an achievement level from 1 to 5 according to the rubric shown in Table V . Co-op employers evaluate student performance on the job using the same rubric, on a 1 to 5 scale, by answering questions that align with student outcomes. Each rating has a description for the employer to help gauge their response. However, faculty grading incorporates a wide range of rubrics and philosophies. For example, one faculty member may feel a student who meets expectations, completes the work correctly should receive an "A" grade. Whereas another faculty member may feel only students who exceed expectations should receive an "A" grade, while those who meet expectations are average and should receive a "C" grade. For this reason, the assessment process in ME at RIT requires faculty to determine and document the grade cut-offs corresponding to each achievement level. This process yields an assessment of SOs independent of variations in grading rigor. As shown in Table   IV , scores on all samples of student work, labs, quizzes, reports, exams etc. are normalized to this global rubric and bucketed into 1 of 5 categories. This allows graded student work to be tallied in a standard fashion across the program to assess student outcomes.
B. Rubric for Indirect Assessment
Students evaluate their co-op performance, relative to each student, using the rubric shown in Table VI . The same rubric is used for graduating students to evaluate their overall preparation and achievement of each outcome. 
C. Course Mapping for Collecting Student Work
Courses contributing to outcomes assessment are shown in Fig. 1 , using the symbolic notation described in Table IV . Every course contributing to a SO may not be used in outcomes assessment; targeted courses are chosen to provide meaningful data while maintaining a sustainable process. Courses contributing to the instructional strategy in support of the SO are marked with the appropriate instructional level symbol without a black border, whereas courses contributing assessment data have the added black border around the symbol. Fig. 1 . Matrix of ME courses contributing to student outcomes and assessment thereof.
VI. ACHIEVEMENT OF STUDENT OUTCOMES
A. Reporting Student Performance Overall student performance is reported by SO in a stacked bar graph in which each section represents the percent for each achievement level, 1 (below expectations) to 5 (exceeds expectations). A set of four stacked bar graphs is reported for each SO, one stacked bar graph for each data source listed in Table III . An example plot for assessment of student work, "Data Source I" is shown in Fig. 2 . In Fig. 2 , for example, in academic term "211," 31% of the students rated exemplary, 22% rated exceeds, and 10% rated meets. Altogether, 63% of the students met or exceeded the standard. Each instance of student work is weighted equally, and cumulative values are reported for given academic year. Data is stored in a pivot table so faculty are able to sort the data and evaluate performance as function of performance indicator, course, type of student work (exam question, homework, project, etc.), academic term, or any combination of factors. This allows faculty to better understand the data behind the overall student performance value and make necessary changes to the assessment or instructional strategy at a finer level. An example plot for assessment of Co-op employer evaluations, "Data Source II", is shown in Fig. 3 . Using a global rubric for direct assessment of SOs by various data sources allows faculty to evaluate not only achievement but also the relative impact of different data sources on the assessment process. 
B. Evaluating Performance Against Benchmarks
Student performance for each outcome, ABET (a) through (k) and each data source (Table III) is evaluated against the achievement benchmarks shown in Table VII . A SO meets the benchmark if 70% of the data indicate an achievement level of 3, 4 or 5 out of 5 (less than 30% of the data were rated 2 or 1 out of 5). For example in Fig. 2 , 63% of the students achieved a 3/5 or above, which falls below the benchmark of 70%. A SO is considered saturated, meaning there is little room for improvement, if 50% of the data collected indicates an achievement level of 5/5. A category for "no opportunity to observe" was included as a means for faculty to track when data sources were unavailable. Student performance is reported using the symbolic notation given in Table II to indicate the extent to which individual performance indicators met the benchmarks. Green and red symbols are used to indicate that the outcome was met or not met, respectively. Purple is used to indicate that the benchmark was saturated. Fig. 2 and 3 show an example of how the benchmark comparisons are made.
In each Fig. an achievement benchmark is noted as well as a saturation benchmark. Fig. 2 shows that the number of students who meet or exceeds expectations falls below the benchmark, whereas Fig. 3 from the co-op employers indicate that the benchmark was met. In both figures, the saturation benchmark was met because the percent of students achieving 5/5 falls below the 50% mark. The discrepancy between the two plots sparked faculty discussion around the appropriateness of data sources, the failure of students to meet the benchmark with course work but exceed the benchmark while on co-op. These plots provide a tool that feeds the continuous improvement process.
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VII. CONTINUOUS IMPROVEMENT PROCESS
The ME program at RIT utilizes a three-point continuous improvement process which involves a holistic evaluation of (1) the extent to which student outcomes are achieved, (2) the appropriateness of the instructional strategy intended to produce the desired outcomes, and (3) the appropriateness of the data sources used as indicators of achievement. The continuous improvement process is illustrated in Fig. 4 . Fig. 4 . RIT ME program's three point continuous improvement process Although benchmark comparison is an important part of the process, it is used primarily as a point of reference. Whether or not a benchmark is met does not automatically imply that an action must be taken. Effective benchmark comparison requires the expertise and perspective of the faculty to determine the appropriate next steps.
For example, faculty consider if the results accurately reflect their observations and perceptions. If any discrepancy is found, then faculty may suggest revisions to the assessment strategy in either the short term or long term. If the data seems to reflect and confirm faculty perceptions, faculty will then discuss areas for improvement either in the instructional strategy, mapping of content to outcomes or the assessment plan. If any SO or PI is not achieved, faculty may consider rearranging course content or delivery methods to improve student performance.
It is possible that the four data sources will indicate different levels of achievement. For example, the Co-op employer data may indicate that an SO benchmark was met while the student work may indicate that the SO benchmark was not met. In such cases a holistic qualitative assessment is used to decide upon appropriate improvement actions.
If achievement of any PI is saturated, faculty may consider increasing the rigor of the course by adding new material, and/or by including higher Bloom's level activities or elevating the course to a higher instructional strategy level.
Ultimately, faculty devise a list of recommendations which are documented in the midterm reports along with the supporting assessment data and benchmark comparisons. Improvement action plans are incorporated into work group charges when deemed appropriate. 
